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Abstract
Over the years, China has shown a significant reduction in natural forest resources, while the 
increasing area of plantations has made greater contributions to the huge demand for wood. 
In southern China, these new plantations have produced some problems such as environmen-
tal hazards of logging operations and the most reasonable use of forest resources. A new 
management process called »cleaner production« is defined as reducing pollution from its 
source, increasing the rate of utilization of resources, and preventing the generation of pollut-
ants in the production of services and products. In recent years, cleaner production has been 
widely applied to industrial processes such as agriculture and other environmental industries. 
In order to make rational use of plantation resources, to achieve maximum economic effi-
ciency and to reduce or remove the environmental hazards of logging operations, it is necessary 
to carry out an in-depth study of cleaner production on the process of logging operations. This 
paper aims to establish an index system for cleaner production evaluation of plantation log-
ging. The fuzzy clustering method was used to initially screen twenty-nine indices. After 
screening by the fuzzy clustering method, six first-grade indices and twelve second-grade 
important indices were selected as formal evaluation indices. The six first-grade indices are 1) 
cutting area design index, 2) logging operation techniques index, 3) ecological environmental 
impact index, 4) utilization of resource and energy index, 5) sustainable development index, 
and 6) safety production management and protection index. A maximum and minimum 
matrix method and a correlation coefficient matrix method were used to establish the similar 
matrix in the fuzzy clustering method. The screening results were then compared. The com-
parison shows that out of the twelve second-grade indices, ten are similar and two are different. 
The results suggest that the fuzzy clustering method is reliable for screening indices.
Keywords: plantation, logging operation, cleaner production (CP), evaluation indices, fuzzy 
clustering method.
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able	ways	 for	cutting	and	bucking,	 skidding	 felled	
timbers	along	skid	roads,	skidding	systems	for	pro-
tecting	soil	and	vegetation,	and	evaluation	after	log-
ging.	 In	addition,	RIL	also	 included	the	 impacts	of	
logging	on	landscapes,	biodiversity,	vegetation,	water,	
and	soil	(Long	2006).
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logging in the forest.
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index	 system	of	CP	was	a	 completed	and	 intrinsic	






















vironmental	 indices.	Therefore,	 for	 the	purpose	of	
promoting	CP,	different	CP	objectives	should	be	se-
lected	 to	promote	 sustainable	development	on	 the	
basis	of	the	existing	situation.




3.2 Selection of the evaluation index
The	process	begins	with	selecting	some	evaluation	
indices	 on	 the	basis	 of	 contents	 and	principles	 (as	
shown	in	Table	1)	(Yu	et	al.	2009).	Such	indices	should	
not	be	combined	together	directly	because	of	informa-











often	 no	 sharp	 boundary	 between	 clusters	 so	 that	






robust	 result	 as	 compared	with	 conventional	hard	
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for p	class,	x	was	an	attribute	value	of	Cp,	u (x) = N (Cp) 
m,	p	=	1,2,...,	t. N (Cp)	was	the	number	of	attribute	val-









tance	method,	 correlation	 coefficient	method,	 and	
maximum	and	minimum	method.	Both	the	maximum	
and	minimum	method	 and	 correlation	 coefficient	
method	were	used	in	this	paper	to	set	up	a	fuzzy	sim-
ilarity	matrix	for	the	CP	evaluation	of	plantation	log-
ging,	 and	 also	 to	 compare	 the	 difference	 between	
them.
(1) Maximum and minimum method
A	value	is	calculated	by	the	eq.	(1):
 ( ) ( )
( )
m

















































First level index Second level index
Cutting area 
design
Cutting area division (x1)
Cutting area survey (x2)
Engineering design (x3)
Production process design (x4)
Logging 
technology
Rationality of operation process (x5)
Advanced of operation technology (x6)
Efficiency (x7)
Human-machine-environment harmony (x8)




Soil physical properties (x10)
Soil chemical properties (x11)
Soil and water conservation (x12)
Injury rate of retention tree in slash (x13)
Average wind speed and temperature (x14)
Biomass (x15)
Biodiversity (x16)
The rate of slash soil erosion area (x17)
Resources and 
energy use
The number of discarded wood in cutting area (x18)
Utilization rate of wood (x19)
Utilization rate of slash (x20)
The number of discarded wood in the landing 
place (x21)
Logging equipment fuel consumption (x22)
Sustainable 
development
Survival ratio of renew (x23)
Renew ratio of cutting area (x24)
Wood renewal utilization (x25)
Improvement 
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A	fuzzy	similarity	matrix	R	was	set	up	as	follows:
 
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
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λ	was	the	fuzzy	graph：


































































fourth,	 respectively.	 In	 the	first	 column,	 the	values	
meaning	as	the	first	row,	and	so	on.
 
1.0000 0.6693 0.8085 0.7380
0.6693 1.0000 0.6904 0.6544
0.8085 0.6904 1.0000 0.6791
0.7380 0.6544 0.6791 1.0000
 (6)
 
1.0000 0.7408 0.6813 0.5171 0.6441
0.7408 1.0000 0.6429 0.6699 0.6103
0.6813 0.6429 1.0000 0.5211 0.5203
0.5171 0.6699 0.5211 1.0000 0.5413










   (8)
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1.0000 0.8198 0.7030 0.8040 0.6876
0.8198 1.0000 0.6828 0.8082 0.6637
0.7030 0.6828 1.0000 0.6760 0.6553
0.8040 0.8082 0.6760 1.0000 0.7050









1.0000 0.6837 0.5846 0.5863
0.6837 1.0000 0.5798 0.6016
0.5846 0.5798 1.0000 0.6667
0.5863 0.6016 0.6667 1.0000
 (11)
As	shown	in	the	above	matrices	6–10,	reflexivity	
and	 symmetry	 are	 satisfied	 due	 to	 R(yi，yi)=1; 
R(yi，yj)=R(yj，yi),	 but	 do	 not	 meet	 the	 transitivity.	












1.0000 0.6904 0.8085 0.7380
0.6904 1.0000 0.6904 0.6904
0.8085 0.6904 1.0000 0.7380




1.0000 0.7408 0.6813 0.6699 0.6441
0.7408 1.0000 0.6813 0.6699 0.6441
0.6813 0.6813 1.0000 0.6699 0.6441
0.6699 0.6699 0.6699 1.0000 0.6441












   (14)
 
1.0000 0.8198 0.7030 0.8082 0.7050
0.8198 1.0000 0.7030 0.8082 0.7050
0.7030 0.7030 1.0000 0.7030 0.7030
0.8082 0.8082 0.7030 1.0000 0.7050










1.0000 0.6837 0.6016 0.6016
0.6837 1.0000 0.6016 0.6016
0.6016 0.6016 1.0000 0.6667
















Table 5 The cluster result of cutting area design





Table 6 The cluster result of logging technology
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The	correlation	indices r of X5，X6，X7，X8 should 
be	calculated	first,	as	shown	in	Table	11.
Table 11 Correlation coefficients of X5, X6, X7, X8
rij X5 X5 X5 X5
X5 1.0000 0.2999 0.2723 0.0539
X6 0.2999 1.0000 0.1531 0.1322
X7 0.2723 0.1531 1.0000 0.1087
















































then,	 the	 fuzzy	 equivalence	matrix	was	 calculated	
from	squares	and	transitive	closure;	finally,	the	indices	
were	selected	by	the	correlation	coefficient	method.






1 8 {X10} {X11},{X12}.{X13},{X14},{X15},{X16},{X17}







Table 8 The cluster result of utilization of resources and energy






Table 9 The cluster result of sustainable development




Table 10 The cluster result of safety production management and 
protection








specific	categories	of	 {X1，X3，X4} and {X2} yielded a 
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1.0000 0.1606 0.1473 0.0574
0.1606 1.0000 0.1168 0.0852
0.1473 0.1168 1.0000 0.3724
0.0574 0.0852 0.3724 1.0000
 (22)
 
1.0000 0.2999 0.2723 0.0539 0.1084
0.2999 1.0000 0.1531 0.1322 0.0067
0.2723 0.1531 1.0000 0.1087 0.2941
0.0539 0.1322 0.1087 1.0000 0.0745










   (24)
 
1.0000 0.3713 0.0046 0.0516 0.1345
0.3713 1.0000 0.0218 0.2802 0.3744
0.0046 0.0218 1.0000 0.0237 0.2917
0.0516 0.2802 0.0237 1.0000 0.0076









1.0000 0.2620 0.1077 0.2588









1.0000 0.1606 0.1473 0.1473
0.1606 1.0000 0473 0.1473
0.1473 0.1473 1.0000 0.3724




1.0000 0.2999 0.2723 0.0539 0.1084
0.2999 1.0000 0.1531 0.1322 0.0067
0.2723 0.1531 1.0000 0.1087 0.2941
0.0539 0.1322 0.1087 1.0000 0.0745
0.1084 0.0067 0.2941 0.0745 1.0000
 (29)
 
Table 12 CP assessment indicators of plantation logging – six first grade indices and twelve second grade indices (max and min matrix 
method)
Cutting area design Logging technology






Safety production management 
and protection
Cutting area survey Rational processes
Soil physical 
properties
Utilization ratio of 
wood
Survive ratio of renew Safety management
Engineering design
Economics and safety 
of ways to work
Biodiversity
Utilization ratio of 
slashes
Renew ratio of cutting 
area
Labor protection
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   (30)
 
1.0000 0.3713 0.2917 0.2802 0.3713
0.3713 1.0000 0.2917 0.2802 0.3744
0.2917 0.2917 1.0000 0.2802 0.2917
0.2802 0.2802 0.2802 1.0000 0.2802








1.0000 0.2620 0.1077 0.2588
0.2620 1.0000 0.1077 0.2588
0.1077 0.1077 1.0000 0.1077
0.2588 0.2588 0.1077 1.0000
 (33)
Later	steps	were	quite	the	same	using	the	maxi-




















targeted	 results	 in	practice,	 and	guidance	was	not	
strong	 in	 the	 forest	enterprise.	The	findings	of	 this	
study	indicate	implementation	of	cleaner	production	
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Impacts on the 
ecological environment








Rational processes Soil physical properties
Utilization ratio of 
wood





Economics and safety 
of ways to work
Biodiversity
Logging equipment fuel 
consumption
Renew ratio of 
cutting area
Labor protection
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